Cascadia Earthquakes 
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Clues in the dirt. 


Right, subsided marsh along the 
Niawiakum River, southwest 
Washington. Below, note pitfalls 
of working in tidal marshes. 
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Clues in the trees. 


aie .- * ~ = 
pee SS 
ar Ce forest along the Copalis River, Washington killed by the 1700 M9 REGIE 
earthquake. 


Clues Offshore. 
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(Crater Lake) 
7770 years ago 


The biggest clue was in Japan. 


The PTE LT TRUE 
ORPHAN TSUNAMI 
of 1700 


by Brian Atwater et al., University of Washington Press 


Earthquakes that vertically offset the 
seafloor generate tsunami. 


Stresses on the ‘locked’ part of the plate interface build for hundreds of years as the plates 
collide, but can’t move. 


The surface slowly deforms around the stuck fault. 


Earthquake starts tsunami 


Stuck area ruptures, 


releasing energy 
in an earthquake 


The stresses are released within minutes as the sides of the fault slip relative to each other, 
displacing by the amount that would have occurred if it hadn’t been stuck. 


Tsunami 
waves spread 


The sudden change in seafloor topography ‘pushes’ the water, creating a wave. A tsunami is 
born! 


WATER LEVEL, IN FEET 


Noon 


High tide 


Not just | wave! 


6 p.m. Midnight 6 a.m. 
Tide gauge disabled 
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Waves noticed 
by fireman 


High tide 
Low tide 


WATER LEVEL, IN METERS 
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A tsunami generated by a Cascadia 
subduction zone earthquake will 
arrive in less than 45 minutes. For 
these events, as was the case In 
Banda Aceh, the earthquake must be 
the warning. Citizens must know 
where to evacuate from and where to 
evacuate to, and must do so quickly 
and on foot. 


Note the long peninsulas or spits of 
low-lying ground. Ocean Shores 
peninsula is 7 miles long and Long 
Beach peninsula is 20 miles long with 
little or no high ground over those 
distances. For these areas, tsunami 
defenses are appropriate. 


TSUNAMI HAZARD ZONE 
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IN CASE OF EARTHQUAKE, GO 
TO HIGH GROUND OR INLAND 


Japan & Cascadia share many similarities. 


Cascadia - a usually silent ‘subduction zone’. 


A active volcano 
@ M>6.5 earthquake, 
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Japan & Cascadia share many similarities. 


Japan - a complex system of subduction zones. 
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Consequences & Lessons 
from the Structural Engineers Association of Washington 


Very strong ground shaking (6 sites with >1.0g) lasted >3.0 
minutes. 


~160,000 people displaced, 12,000 missing, 15,217 
confirmed dead - 90% by drowning. 


S200- $300 (USD) billion in losses. 


Seismic mitigation works! Most retrofitted buildings 
performed well. 


Retrofit building in Sendai (no 
"dar a 


damage). 
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—— provided vertical shatter from the tsunami. 
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WASHINGTON 


Consequences & Lessons 
from the Structural Engineers Association of Washington 


The Japanese government invests in and encourages private sector 
support of earthquake and tsunami research and development, 


resulting in widespread application of earthquake protection 
technologies. 


Rubberjisolation bearing. 


Consequences & Lessons 
from the Structural Engineers Association of Washington 


The Japanese government invests in and encourages private sector 
support of earthquake and tsunami research and development, 
resulting in widespread application of earthquake protection 
technologies. 


Japan has 
>2,600 commercial and residential buildings with seismic isolation 
systems. (Washington State has 8 such buildings.) 


>3,800 single-family homes with seismic isolation systems. 
(Washington State has one under construction. }) 


>1,000 buildings with earthquake damping systems. (Washington <= 
State has 10.) / 


WASHINGTON 


LARGEST THRUST EARTHQUAKE known as of 2010 
9.5 


Magnitude 


LARGEST THRUST EARTHQUAKE known as of April 2011 
9.5 


Magnitude 


M9.0 - A Surprise 
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We are rethinking ideas about locking. 
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Offshore measurements are key. 
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Offshore measurements are key. 
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Estimated by terrestrial GPS data 
and seafloor GPS/Acoustic data 
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© Existing site 
(JCG & Tohoku Univ.) 


New investment in 
offshore GPS in Tohoku 
region. 


New investment in offshore GPS throughout Japan. 
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Offshore GPS is a new frontier. 
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GPS picks up signs of 
Sta ble ma rke rs on addity ground deformation due 
the seafloor difficult ss A to locked portion below. 
to plant & costly. 
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N.JONES/A. V. NEWMAN 


Alternative 1: Autonomous, moored buoys 


Increase the temporal resolution from months, years to days. 


GPS antenna 
mounts 


Deep water {(~1200 m) test 


Wave Glider 


Portable, Self-powered Float 


(deployable from small vessels) 


An earthquake ‘ultrasound’ helps to understand tsunami generation. 
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50 m horizontal displacement : 
sediment transported from upper-plate 


Depth (km) 


pelagic/hemipelagic sediment 


New investment in ‘before’ images. 


